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ABSTRACT

71Ga + 71C0 + ●- toA radiachomlcal ●xporimont using tho reaction u +
!dotormina tho Integral flux of low-euwrgy noucr noa from tho sun is

curroncly under praparaticn ●t tho Baksan Nsutrino Obso~atory in cha
USCRm !4casuramonts●ro schodulad to co-once by lato 1988 using -30
tonnas of macallie gallium. With this amount of gallium it should bc
possibl~ to obtain a fractional statistical accuracy of 12-159 ●ftar
one ytar (assuming tho standard solar modol noutrino flux)! whilo
infcial mcaauromonts ●ro in progross, installation of tho ramaining 30
connos of gallium will procood in ordtr to perform tha full 60 tonna
●xporimunt.

1. Introduction

Tho sun 1s Lmlioved to product ● copious flux of ●loctron noutrinoc in

tho procass of tha fusion of four protons to 4H0 , 1%~ falluro to obtorvo

thoso nautrinoo in the txpcctod nurzborconstitutes tho solar noutrino probl~m.

Tho radiochcmical C1-Ar ●xparimont of Davis ●nd colloaguoal and tho watar



Cherenkov counter in the Kamioka mlne2 both show that the flux of “high”-

energy neutrinos from the decay cf 8B is much less than predicted b,ythe

standard solar mode13.

Many hypothesme have been ●dvanced to explain this discrepancy, ~anging

from errc in tho ●atrophy-ical input for the calculations, through errors in

thu calculations themselves, to particle-physics solutions such ●s neutrino

oscillations or ●xotic massive parfiicles●t the cora of the sun, Uhilo the

proposad ●strophysical solutions ●ll senm to run into difficultiau with other

obaenables, several particlo-physice solutions are ●pparently viable.

Intarest in this possibility has boon heightened by the theoretical discovery

of the t4ik.hoyev-Smirnov-Uolfenstoineffect4, whereby neutrino oscillation

phenomtna can be .nhanced in matter. Uhataver tha solution, it is clear that

thm limitnd data available parmlt only judicioue speculation,

A basic question is whether tha initial step of the fusion cycle, the

proton-proton fusion, is occurring at tho ●xpected rate. Vhile the reactions

forming 8B aro ● very minor branch, with littlo influence on ●u.rgy

production, the pp resction is fundamentally linked to the total luminosity of

● steady-mtato nun. Failura to obserua the pp ncutrinoc with tha fhx

pradicted by tho standard modol would ●trongly indicato the presence of

71Ca ●s tho senaitivo medium isneutrino oscillationel An ●xperiment with

captiblaof registering theee low-onsrgy neutrinos bscause of th~ inversa beta

decay’a low ●nergy thrashold (233 koV). By using between 40-65 tonnes of

natural gallium metal, the SAGE collaboration should b. able to ●ddress this

fundamental question.

2, Experimental Ovwview

In tha gallium radiochomical noutrino exporimeincthe m-tallic gallium is

●xposed to a source of neutrinos for a given timt (21=30 says) ●fter ~hich the

‘%. stoma that hrnvt been prodl~cadby neutrlne captura ●rs ●xtracted via a

charnicalprocedure. A cchsmatic ropreaentation of the procedure ia

illustrated in Fig. 1. Detailad pilot studies with 7 tonnes of metallic

gallium at tho Institute for Nuclear Rosoarch (INR)5 ●r.d?.ndapcndontstudios

with 10 kg of metallia Sallium ●t Brookhaven National ~hboratozy 6 have

demonstrated the viability of the metallia baaed extractioi~tochniquo,
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Presently, over 60 extractions have been performed on the INR pilot system

with ●n ●verago extraction efficiency in ●xcess of 90t,

After tha attraction, the germanium is synthesized into germane (GeH4)

gas wh:ch is than combined with Xe ●nd ins~rted into ● small volume (-0,5 cc)

ultra.low-background gas proportional counter, where the 71Ge decay, are

countad. For tixtractionfrom 30 tonnes ●nd ●ssuming ● standard ❑odel based

solar nsutrino flux of 132 SNU (1 SNU = 10-36 captures per second par target

71Ce ●toms present ●fter a 21-dsy exposure. Thus,atom), one expects only 8,3

extremaly senaitivs low-backgroundcountors ●re required. These are allowed

to count for ● long period of time (3-6 months) ●fter filling in order to

71G0 ●o that the datactor backgrounds canallow for the completo decay of the

be ●ccurately determined.

3. SAW! Collaboration

Scientists at SNR initiated work on the Ga-Ce ❑easurement in the mid-

1970’e, By 1985 this ●ffort had resulted in the ●xcavation of the shielded

chembor ●t the Baksan Neutrlno Obse~atory of the INR, tho procurement of over

60 tonnos of gallium metal, the construction ●nd testing of a ch-mical

●xtraction ●ywtem, ●nd the development of a low-background datector counting

system, In 1986 several US institutionswtre invited to joie the INR ●ffort

●nd the SAGE collaboration waa born. The adt.ltionof the US scientists was

primarily for the purpose of providing more support in the ●rea of detector

counting systems ●s wall ●s to ●ssist in some details of chc germane chemistry

generation ●nd purification. A further ❑otivation in foming tha

collaboration was to try ●nd ●ccelerate the ❑easurement schedule.

4. Statua

The SAGE ●xperiment i8 situated in ● specially fabricated ●nd shi,lded

chamber of the Baksan Neutrino Obse~sEory of the INR in the Caucasus

140untairlain the USSR. The 60 ❑ long, 10 m wide, 12 m high chamber is located

3300 meters frm tha ●ntrsnce cf the horizontal ●dic ●t ● depth of

4800 h6/cm2, At thii shialding depth the ●ffect of the cosmic.ray background

is reduced to a negligible level (<lQ). Construction of tho chamber is

completo. It is aoalod m! waterci~ht with ● full coating of low=hackground

concreto. The ●lectrical utilities, chtlled water, ●ir conditioning, process



steam, and the system for purification and cooling of the H20, H202 and tiCl

●re in place and functional.

The ten chemical reactor vasaels needed to hold the 60 tonnes of gallium

are in place on the chamber floor and four have been cleaned and wired for use

in the initial measurement. Each reactor holds - 7 tonnes of gallium metal.

The 30 tonnos of gallium ❑etal to be used in the initial ❑easurement is now at

Baksan and has recently been installed in the reactors. Construction of the

glasswara and apparatua neceaaary to perform extractions on the initial 30

tonne experiment is now being completed.

An INR constructed four-counter counting rystem has been developed and

is now located in tho chamber. A US built four-counter system is scheduled tu

be shipped co Baksan by ❑id-Summer 1988, Data analysis techniques using

digitizar based riao-time diecrimlnation ❑ethods are being developed ●nd

tested both in the USSR and tho US.

The present schedule cane for ●xtractions to purify 30 tons of gallium

(by removing 68Ge that ●ccumulated in the Ga before it was installed

underground) to commanco by tha summer of 1988. After s}iako-down of thin

system, neutrin~ flux ❑easurements should atart near the ●nd of 1988.

Assuming no unforeseen difficulties or dolaye, it is ●xpected that an initial

result from the 30 tonns gallium measurements will ba obtained in 1989. If

●fter one year of measurement the standard solar modol noutrino flux w~re to

ba obeommd, this result would hava a fractional statistical ●ccuracy of 12.

15,, This is certainly sufficient to determino whether the pp flux from the

●un is ● factor of three down from tha predicted standard solar ❑odel value as

is the cass for the “high”.energy srlar neutrinos.
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